Context: Patients with hepatic dysfunction suffer from many problems and associated complications in organs other than the liver. Therefore, it is very important to investigate the effects of different drugs in the treatment of these patients. Due to the high consumption of non-steroidal anti-inflammatory drugs (NSAIDs), studying the effects of these drugs in patients with hepatic dysfunction is particularly important.
Context
The liver is one of the most vital organs of the body (1) . It has a role in the metabolism of carbohydrates, lipids, cholesterol, and proteins, the metabolism of drugs and toxins, and many other biological processes, some of which are still unknown (2, 3) . Due to the various functions of the liver, hepatic impairments are complicated. Liver diseases are classified into two types: acute and chronic. In terms of etiology, the most important causes of acute liver disease worldwide are viral infections, alcohol, and pharmaceutical poisonings (3) . Viral hepatitis (types B and C), alcohol, autoimmune hepatitis, and genetic disorders are all important and common causes of chronic hepatic failure (1, 3) . The long-term process of the illness has led to increasing enhancement in a number of people with liver disease. Due to the numerous roles of the liver, patients with advanced chronic hepatic failure (cirrhotic patients) also suffer from numerous disorders in many other organs. For instance, coagulation disorders, gastrointestinal bleeding, gynecomastia and testicular atrophy, metabolic disorders, thrombocytopenia and leukopenia, anemia, hyponatremia, renal dysfunction (hepatorenal syndrome), pulmonary dysfunction (hepatopulmonary syndrome), nausea and anorexia, and spontaneous bacterial peritonitis are among the additional problems experienced by such patients (4) (5) (6) . Accordingly, multiple medications are used for the treatment and control of patients with hepatic disorder. Cirrhotic patients periodically undergo multiple surgical and endoscopic procedures; hence, multiple medications are also used for these patients. In fact, the issue of multiple med-ication use is so important that there is a dedicated field of study entitled drug-induced liver injury or DILI (7) . Another serious problem is that, unlike other organs such as the kidney, there are no proper numerical standards (e.g., glomerular filtration rate) or specific guidelines concerning the liver (3, 7) . Most prior research studies have been conducted based on the pharmacokinetic properties of drugs (at low doses), and little information is currently available regarding the potential harm caused by most medications (in fact, comprehensive pharmacodynamic information is not available) (8) . Anti-tuberculosis and anti-retroviral drugs account for a major proportion of the drugs identified as harmful in the field of DILI; however, statistics actually show that the majority of known liver damage is related to the use of acetaminophen and overthe-counter (OTC) drugs (8, 9) . Unfortunately, these medications remain "unknown common murderers," since few research studies (aside from the abovementioned studies involving drugs such as anti-tuberculosis drugs) have been conducted in relation to their harmful and pharmacokinetic characteristics (as associated with DILI) (7, 9) .
According to the world health organization (WHO) as well as statistics from various countries, acetaminophen is the most widely used drug worldwide, followed by nonsteroidal anti-inflammatory drugs (NSAID) such as aspirin and ibuprofen (whether obtained on prescription or OTC) (10) . Therefore, studying the effects of these drugs in many patients, including patients with hepatic disease, is essential (http: /mohme.gov.ir). However, the use of these drugs is uncontrolled and this, coupled with the fact that relatively few studies have been conducted in this area, has led NSAIDs being prescribed for even a simple headache (7, 11) . Meanwhile, some studies has shown that liver damage due to the administration of vitamin A is more significant than that due to paracetamol or ibuprofen (11) (12) (13) . Further, a study regarding the relationship between naproxen, diclofenac, and ibuprofen and gastrointestinal bleeding showed that the possibility of gastrointestinal bleeding is very insignificant for those aged less than 45 years (in both sexes) (14) .
Non-steroidal anti-inflammatory drugs have been known and used for many years. Indeed, the ancient Egyptians used salicylate compounds for pain relief in pregnant women. Charles Frederic Gerhardt succeeded in producing aspirin (the first NSAID) in 1859. Thereafter, the old generation drugs and, later, specific inhibitors of cyclooxygenase-2 (COX-2), as well as synthetic drugs, were produced (15, 16) . These drugs are generally divided on the basis of their effect on the cyclooxygenase enzymes, which have a role in arachidonic acid metabolism. Further, all their positive and negative effects occur based on their impact on these enzymes. Arachidonic acid obtained from cellular membrane lipids is converted into important eicosanoids of the body (i.e., prostaglandins, prostacyclins, thromboxanes, and leukotrienes), with two isomers of the cyclooxygenase enzymes playing a pivotal role in this route (17) (18) (19) . Accordingly, the NSAIDS are classically divided into three categories: salicylates, old NSAIDs (nonspecific inhibitors), and COX-2 (specific inhibitors). In this study, the effects of the three categories will be discussed and reviewed in patients with hepatic dysfunction.
NSAIDs typically lead to the exacerbation of renal dysfunction and gastrointestinal bleeding, as well as reducing the effects of diuretics in cirrhotic patients (severe hepatic dysfunction) (20, 21) . The widespread negative effects of these drugs coupled with the extensive metabolic disorders seen in patients with hepatic dysfunction have led to the recommendation "use with caution" being applied to NSAIDs. The various side effects of NSAIDs and the extended drug load in patients with hepatic disease have exacerbated this problem (8, 22) . Although liver injury induced by these drugs occurs only rarely, their high level of consumption worldwide renders this issue very important. Indeed, NSAID-related DILI is the second most common cause of liver injury in France (2002) and Iceland (2013), as well as the third most common cause in Spain (2005) (23) (24) (25) . Evidence shows that all NSAIDs have the potential for hepatotoxicity to different degrees (26, 27), which has been suggested as an important reason for withdrawing large numbers of these drugs from the market (e.g., rofecoxib). In most previous research studies and scientific reports, NSAID-induced liver injury has been reported in relation to the chronic use of the drug, while renal injury, gastrointestinal hemorrhage, and respiratory symptoms can occur even in a non-toxic dose (28-31). The mechanism of injury has been cited as hepato-cellular, and it is based on autoimmune issues, mitochondrial injury, and metabolic errors (32). The lesions seen in histological studies are similar to those related to acetaminophen and centrilobular necrosis in severe cases (33). The female gender, being aged over 50 years, and the presence of immune disorders have all been reported as important risk factors in various studies (34). Further, a cohort study found that the risk of liver injury is increased tenfold in patients with rheumatoid arthritis when compared to patients with osteoarthritis (29).
Evidence Acquisition
Resources published between 1958 and 2014 that are available in various reliable databases (e.g., PubMed, Medline (Ovid), Cochrane) were searched in the present study. A total of 65 papers and two books were investigated (Table  1).   2 Anesth Pain Med. 2016; 6(4):e37822.
Searching was conducted based on the following keywords: NSAIDs, hepatic dysfunction, cirrhosis, pharmaceutical complication, DILI (drug-induced liver injury), and similar words used in reliable sources. Our primary search identified 169 articles and six books. All irrelevant data, including 110 irrelevant abstracts or full-text reviews, duplicate records, and articles or books where access to the full text was lacking, were excluded. The final resources included 11 clinical trials, two case-control studies, two case reports, 13 observational studies, seven systematic reviews, five books, one cohort study, and 26 review articles ( Figure  1 ).
Results
Due to the significant differences between the three categories of NSAIDs, this study will analyze these drugs according to the classical division.
Salicylates
Aspirin is the main salicylate, although other derivatives of salicylic acid such as amino salicylic acid, magnesium salicylate, methyl salicylate, and toro-lamina, as well as synthetic painkillers derived from aspirin, are included in this category. The most common and important uses of aspirin include the relief of pain and fever, anticoagulation, and preventive treatment of cardiovascular and cerebrovascular diseases (35, 36). The drug is offered in various pharmaceutical forms, is quickly absorbed, and has a bioavailability of 50% to 75%. Aspirin is conjugated in the liver, enters many body fluids and tissues, and is eventually excreted through the kidneys. Although 50% to 100% of aspirin is removed during dialysis, it is not recommended to be prescribed for patients with severe kidney injury (37).
The mechanism of the drug's effect is based on an inhibitive effect on both the COX enzymes, and unlike the effects of other NSAIDs, this effect is permanent. The antiplatelet effects of aspirin are also induced by this irreversible effect on prostaglandins and thromboxane A2 and the inherent inability of the platelets in the production of new proteins (37). Research studies concerning the association between the serum level of aspirin and its favorable impacts or adverse effects show that its analgesic, antipyretic, and antiplatelet effects can be observed in a serum level of approximately 100 µg/ml. Gastrointestinal intolerance or complications (but not both), GI hemorrhage, sensitivity to the drug, as well as hemostasis disorders can also be seen at this dose (albeit with less prevalence). A higher level (about 150 to 400 µg/ml) is required to obtain aspirin's anti-inflammatory effects, as well as for its use in the treatment of rheumatic fever, with the initial symptoms of salicylism being seen at this dosage. Higher serum levels can lead to poisoning and the occurrence of severe salicylism (38, 39).
Another important issue related to the use of aspirin is its significant association with Reye's syndrome. This syndrome, which mostly occurs in childhood following the use of aspirin to control a fever associated with viral infections (especially influenza and varicella), is very dangerous and often fatal despite its low prevalence (40) . Hence, many health organizations (including the WHO and the US food and drug administration) advise against using aspirin in subjects younger than 19 years (or 16 years in some cases) (41) . Further, the avoidance of aspirin following influenza vaccination has been advised (42) . Although the exact mechanism and cause of Reye's syndrome is not yet known, the alternation in hepatocytes and genetic enzymatic disorder related to fatty acids oxidation can provide important information on the usage of aspirin in different patients (40, 42) .
In addition, studies have shown that the simultaneous use of aspirin and other NSAIDs (particularly floctafenine and ketorolac) is not appropriate. Aspirin increases the effects of medications such as anticoagulants, systemic corticosteroids, sulfonylureas, and iodine, as well as reducing the effectiveness of ACE inhibitors and loop diuretics (17) . Tricyclic antidepressants and SSRIs, antiplatelets, calcium channel blockers, loop diuretics, and other NSAIDs increase both the serum level and the effectiveness of aspirin (hence its toxicity equally) (17, 40) .
The use of aspirin in patients with hepatic disease has been discussed in several aspects. The first issue is a detailed examination of the disease's severity, as well as other underlying disorders in the individual. For example, the risk of Reye's syndrome (caused by aspirin) in children with viral infections is increased when the individual has an underlying disorder affecting the metabolism of fatty acids (40) . Renal failure in patients with hepatic disease (with or without hepatic cause) is among the other contraindications of aspirin, which again shows that paying attention to the underlying disorder is particularly important in these patients. Research suggests that the concurrent use of alcoholic beverages and aspirin also shows the possibility of damage to the gastrointestinal mucosa. Therefore, avoiding the administration of aspirin seems reasonable in patients whose hepatic disorder is caused by alcoholism (39, 40) . Additionally, aspirin-related pharmaceutical interventions alongside the medications used to treat patients with hepatic disease should be considered. Several studies have suggested that this drug reduces the effects of loop diuretics (one of the most important drugs used in the treatment of ascites) (17) . However, it is important to consider that the use of aspirin (in cases with- out any other underlying problem) is not contraindicated in patients with mild hepatic dysfunction. In fact, aspirin can be prescribed for patients who show only some degree of increase in liver enzymes without hemostatic disorder. Yet, based on the abovementioned issues and the results of several research studies, a recommendation for the prescribed (and not OTC) use of aspirin seems reasonable (35).
Nonspecific Inhibitors
There are numerous medications included in this category, with new types being introduced annually and entering into the cycle of use. However, in the interests of both brevity and clarity, this study will only discuss the most widely used medications.
Ibuprofen
In 1961, researchers attempted to find a new drug that could replace aspirin and have fewer complications. They achieved a new combination known as 2-(4-isobutylphenyl) propanoic acid, which was later known as ibuprofen (15) . This drug is non-specifically effective on both cyclooxygenase isomers. It enters into the bloodstream and more than 90% of its protein is bound. Most of the absorbed ibuprofen is metabolized in the liver, although a small portion is excreted unchanged. It is either excreted in a modified form (metabolites) or conjugated through urine. Ibuprofen is entirely excreted within 24 hours from the time of use (17) . Considering that ibuprofen is available in many countries without a physician's prescription (i.e., OTC), it is one of the most widely used drugs worldwide. This fact has led to several research studies being conducted regarding the effects of ibuprofen. However, considering its very high level of consumption, special attention should be paid to its side effects. Ibuprofen is commonly used to control pain (especially in rheumatic diseases), fever, headache, toothache, and dysmenorrhea. Recent research studies have suggested that this drug can be effective in the treatment of patent arteriosus ductus and the prevention of orthostatic hypotension (43, 44) . It has also been suggested that ibuprofen can be effective in preventing Alzheimer's disease, Parkinson's disease, and breast cancer (44) . However, the use of ibuprofen is also associated with some complications. For instance, digestive disorders with different intensities stemming from stomach pain discomfort to ulcers, and gastrointestinal bleeding are among the most important and common side effects of ibuprofen. Research has shown that 25% of people whose use of ibuprofen could be described as chronic suffer from different degrees of gastric ulcers (mostly asymptomatic) (45) . This percentage indicates a considerable risk when considered in relation to the very high level of use of the drug worldwide. Indeed, the risk is such that internists often prescribe an H2 blocker in addition to ibuprofen. Moreover, the concurrent use of ibuprofen with another non-specific NSAIDs increases this risk to such an extent that the use of proton pump inhibitors (instead of an H2 blocker) has been recommended when concurrent use cannot be avoided (3). Furthermore, renal failure and hyperkalemia, cardiac failure, epistaxis, and bronchospasm are among the dangerous complications that have been reported following the administration of ibuprofen (46) . Asthma exacerbation is another rare complication. However, this effect has only been reported in patients with severe asthma (45) . Lithium, warfarin, oral hypoglycemic agents, antihypertensives, beta blockers, and diuretics (as with other NSAIDs) interact with ibuprofen and so their effect must be considered (17) . It has also been found that the concurrent use of ibuprofen with aspirin leads to a reduction in the aspirin's antiplatelet effects (due to the full occupation of the receptor site on the platelet) (47) . Ibuprofen significantly increases systolic and diastolic pressure, leading to a reduction in urine volume, insulin clearance, and sodium excretion. When used concurrently with naproxen, ibuprofen results in its separation from binding proteins because of a competitive effect and, in fact, also reduces naproxen's half-life and expected effects (48) . Furthermore, research has shown that the concurrent administration of ibuprofen and caffeine may increase the desired effects of ibuprofen (particularly the analgesic effect) (49) . Taking the drug after a meal leads to a significant increase in the duration of its effect while not necessarily impacting its uptake and efficacy (50) . Some studies have shown that the concurrent use and combination of ibuprofen, aspirin, naproxen, and ketoprofen with acetaminophen leads to an increased possibility of hepatotoxicity and GI complications, with this possibility increasing significantly in alcoholics (47) . After taking into consideration all its aspects, various studies conducted in Great Britain have shown that ibuprofen is the safest NSAID (43) . In a study comparing the effects of ibuprofen, naproxen, and diclofenac, a minimal association with gastrointestinal bleeding was reported in relation to the use of ibuprofen (for patients of all ages) (14).
Diclofenac
In 1973, British scientists introduced a medication known as 2-(2, 6-dichloranilino) phenylacetic acid, which later became known as diclofenac (15) . This drug nonspecifically inhibits both the cyclooxygenase enzymes in the same way as ibuprofen, while about 99% is protein bound and it exhibits hepatic metabolism (17) . About 40% is subject to biliary excretion, while 60% is excreted in urine (17) . The benefits and side effects of diclofenac are similar to those of ibuprofen, and the contraindications are almost the same in all cases save for the fact that the analgesic and side effects of diclofenac are substantially are higher (51) . Like other non-specific NSAIDs, diclofenac increases the risk of cardiac arrest, and this risk is substantially higher when compared to other drugs (52) . Research has shown that the hepatotoxic effects of this drug are significant, and a minimal dose should be administered with caution in patients with hepatic disease (especially hepatic porphyria) (20) . In terms of the amount of liver injury and hepatopathy caused by the NSAIDs, diclofenac is second only to nimesulide (26). However, it has been shown that diclofenac-induced liver injury is reversible in most patients. Liver injury is more commonly reported, as well as being more severe, in patients with rheumatoid arthriAnesth Pain Med. 2016; 6(4):e37822. 5 tis than in patients with osteoarthritis. Hence, it is recommended that the level of liver enzymes should be evaluated after about four to eight weeks from the initiation of treatment with diclofenac (3, 20) . Regarding the effects of this drug on the gastrointestinal tract, it has been shown that the incidence of gastrointestinal bleeding and peptic ulcer caused by diclofenac is less than that of aspirin, although the effect of diclofenac is also significant (53) . In addition, ibuprofen's bronchospasm, allergic, and renal effects have also been reported to be more severe, and its use should be avoided in cases of renal failure and severe asthma (3).
Indomethacin
Indomethacin was produced in 1963 by American researchers, and it entered the consumer market in 1965 (15) . This drug also inhibits both the cyclooxygenase enzymes similarly to the two previously described drugs (17) . Due to the very powerful effects of this drug in terms of reducing inflammation and pain, but bearing in mind its extensive side effects, it is recommended that indomethacin not be used for mild degrees of pain and instead be used for lowering inflammation (54) . A reduction of the amniotic fluid is among the specific effects of this drug, which can be effective in the treatment of polyhydramnios (55) . The side effects of indomethacin are similar to those of ibuprofen in terms of the impact on the digestive system, liver, and kidneys; however, unlike ibuprofen, this drug may aggravate Parkinson's disease. Indomethacin also increases the risk of cardiac arrest in the same way as other nonspecific NSAIDs (3, 56) . In addition to checking the hepatic enzymes, the function of the kidneys, the coagulation system, and the condition of the electrolytes should carefully be studied in the long-term use of this drug (3) . Therefore, all the above mentioned conditions should be considered when treating patients with hepatic disease.
Naproxen
Naproxen has a similar molecular structure and pharmacological properties to ibuprofen, with the difference being that it is the safest NSAID for cardiac patients due to the low risk of cardiac arrest reported for this drug (17, 57) . Hence, it has a particular importance among the other NSAIDs from this point of view. Cardiovascular problems are one of the most common and important issues encountered in patients with hepatic disease, especially cirrhotic patients. Therefore, providing a drug with minimal cardiac complications seems ideal.
Piroxicam
Piroxicam has the highest number of unwanted side effects of all the non-specific NSAID, which has caused it to be increasingly removed from the use cycle. The half-life of drug is very high (approximately 50 hours) (17) . The associated hepatic, renal, and gastrointestinal complications, as well as the negative effects on many bodily systems, have minimized the use of this drug. It has been strongly recommended in most countries that doctors avoid prescribing piroxicam, especially in elderly patients. Therefore, it is better to avoid the prescription of piroxicam for patients with any degree of renal or hepatic failure as well as elderly patients (especially women of menopause age) (3, 58).
Ketorolac
Ketorolac was introduced in 1989 (15) . Despite having a similar name to ketoprofen (structures derived from propionic acid, with ibuprofen also included in this category), ketorolac is structurally and functionally more similar to indomethacin and so is used for treating moderate to severe pain (17) . Thus, the hepatic and renal complications of this drug and its therapeutic approach should also be similar to those of indomethacin (although studies on this issue are scarce) (54) . The most commonly used form of ketorolac is topical (ocular), and other forms are only used in hospitals in many countries (32). Its adverse effects are similar to those of indomethacin, and the results of a few studies on the pharmacokinetics of ketorolac have led to the limited consumption of this drug (especially in Iran, due to the very limited supply).
Mefenamic Acid
Unlike other NSAIDs, mefenamic acid has active metabolites after it has been affected by liver enzymes, which leads to the clearance and excretion of this drug. Thus, liver activity is significant and important in the determination of mefenamic acid's serum and clearance levels (17) . An important point in the excretion of this drug is that about 20% to 25% of it is excreted through the gastrointestinal tract, which should be considered in patients with inflammatory bowel diseases. It is a non-specific inhibitor, and it is used as a mild to moderate anti-inflammatory and analgesic drug (3, 17) . Mefenamic acid affects the uterus through an unknown mechanism, leading to a reduction in inflammation induced by the menstrual process, which has led gynecologists to be particularly interested this drug (59, 60) .
New Generation Drugs (Specific Inhibitors of COX-2)
After examining the mechanism of the NSAIDs' effect on the cyclooxygenase enzymes, researchers sought compounds with less gastrointestinal complications and an inhibitory effect on only the COX-2 enzyme. The drugs in the coxib category are obtained from the results of these research endeavors. However, contrary to expectations, 6 Anesth Pain Med. 2016; 6(4):e37822.
the high risk of cardiac diseases led to this class being restricted and, hence, to the elimination of rofecoxib. Currently, the maximum amount of usage is related to celecoxib that was first introduced in 1997 and by elimination of rofecoxib, the public interest toward it become more (15) . This drug as well as other drugs in the coxib category specifically affect COX-2 and, correspondingly, have special features (17) . Celecoxib is currently only available orally and, unlike other NSAIDs, it has less bioavailability, being mostly excreted through feces (less than 30% of it is excreted through urine, while nearly 60% is excreted through feces). It is bound to the plasma proteins, and it has a hepatic metabolism like other NSAIDs (17, 61) . Due to its structural and molecular similarity to sulfonamides, celecoxib is very important in terms of a history of pharmaceutical allergies. In fact, it is contraindicated in both a history of allergy to aspirin and other NSAIDs and a history of allergy to sulfonamides (17, 62) . Celecoxib can be used in the treatment of hepatic dysfunction and no evidence of serious liver injury has been reported; hence, it can even be administered in patients with mild and moderate hepatic insufficiency (3, 63) . However, the increased risk of vascular diseases, especially cardiac arrest, is a serious problem for this pharmaceutical. Furthermore, celecoxib also exacerbates insufficiency in patients with renal failure, and it is contraindicated in patients with any degree of renal insufficiency in countries such as the United States so that its use should be discontinued with any signs of azotemia (64) (65) (66) . In fact, as this pharmaceutical class is much newer than the other NSAIDs, not enough research has so far been conducted on its complications. Thus, it is recommended to be used with caution.
Conclusions
An important issue related to the use of NSAIDs is the fact that many of these medicines are available without a prescription and at relatively low prices. Hence, despite having less complications when compared to other drugs, the prevalence of NSAID-related complications is high due to their very high level of use worldwide. Hepatic complications and the harmful effects of these drugs in chronic users have been cited in many of the reviewed articles. In fact, it seems that the occasional use of such drugs in low doses is uncomplicated in many situations (only in terms of hepatic injury). The most important issue identified in this study is that in the case of patients with hepatic disease, the patients must be clinically and paraclinically assessed from all aspects in order to determine the severity of the disease. Further, if the use of NSAIDs becomes necessary, the most appropriate option must be selected for the individual patient. While the administration of many NSAIDs in low doses and for only a short period may have no undesirable effects, the cause of this issue is attributed to the high prevalence of possible complications in these patients. In fact, not all complications occur in all patients, and given the chronicity of the disease, more co-morbid conditions exist for patients, which makes the selection of an appropriate drug more difficult. For example, cirrhotic patients show different degrees of respiratory, cardiovascular, renal, hemostatic, and coagulation disorders, as well as hepatic dysfunction. Due to the fact that most NSAIDs exhibit hepatic metabolism, bind to albumin, are subject to renal excretion, and mostly affect platelets, a very comprehensive examination is required to determine the prescription of even a single dose for the patient. Another important issue is the concurrent use of drugs and possible pharmaceutical interventions. Appropriate pharmaceutical support for the gastrointestinal tract with H2 blockers and/or proton pump inhibitors as well as nutritional recommendations are essential. Avoiding the use of nimesulide and diclofenac, as well as the use of NSAIDs in combination with caffeine and, in some circumstances, paracetamol, can be considered in these patients. An investigation of the patient's age, the presence or absence of cardiac disease, and coagulation problems is important in the use of aspirin and naproxen. Finally, the best recommendation in terms of NSAID prescription for patients with hepatic disease is that they should be discouraged from considering OTC medicines and instead strongly recommended to seek the opinion of a physician regarding the use of these drugs. 
